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PROBLEM TO BE SOLVED: To provide a TMR element having a 
Highly precise reading track width and applicable to high density 
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SOLUTION: A ferromagnetic tunnel effect film 1 has a structure 
where a tunnel barrier layer 1 1 is held between a free layer 1 2 and a 
pinned layer 13. A bias magnetic field inductive layer 21 applies a 
bias magnetic field to the free layer 1 2, and has a width seen in the 
direction F1 of the bias magnetic field larger than that of the 
ferromagnetic tunnel effect film 1 . A flux guide layer 22 is laminated 
on the bias magnetic field inductive layer 21, and magnetically 
couple to the free layer 12, one end thereof constituting a flux 
probing part 221. The flux probing part 221 has a width narrower 
than that of the bias magnetic field inductive layer 21, and is 
protruded frtmr the bias magnetic field inductive layer 21. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[ClaimCs)] 

[Claim 1] It is a tunnel magneto-resistive effect component containing ferromagnetic tunnel effect film, a bias field 
induction layer, and a flux guide layer Said ferromagnetic tunnel effect film Said tunnel barrier layer of said pinned 
layer [ free layer and said pinned layer ] is pinched including a tunnel barrier layer, a free layer, and a pinned layer. 
Said bias field induction layer A bias field is impressed to said free layer, and width of face seen in the direction of a 
bias field is larger than width of face of said ferromagnetic tunnel effect film. Said flux guide layer As the direction of 
a bias field of said bias field induction layer is intersected, while a laminating is carried out to said bias field 
induction layer It is the tunnel magneto-resistive effect component which it was magnetically combined with said 
free layer, and an end constituted the flux probe section, and the width of face of said flux probe section is narrower 
than width of face of said bias field induction layer, and has been projected from said bias field induction layer. 
[Claim 2] It is the tunnel magneto-resistive effect component with which it is the tunnel magneto-resistive effect 
component indicated by claim 1 , the laminating of said ferromagnetic tunnel effect film is carried out to order of said 
free layer, said tunnel barrier layer, and said pinned layer, the laminating of said flux guide layer is carried out on said 
bias field induction layer, and said free layer of said ferromagnetic tunnel effect film adjoins a flux guide layer. 
[Claim 3] It is the tunnel magneto-resistive effect component said whose flux guide layer it is the tunnel magneto- 
resistive effect component indicated by claim 2. and is said fi^ee layer and this body. 

[Claim 4] It is the tunnel magneto-resistive effect component by which it is the tunnel magneto-resistive effect 
component indicated by daim 1, the laminating of said ferromagnetic tunnel effect film is carried out to order of said 
pinned layer, said tunnel barner layer, and said free layer, said bias field induction layer actioins said free layer, and 
the laminating of said flux guide layer is carried out on said bias field induction layer. 

[Claim 5] It is the tunnel magneto-resistive effect component which it is the tunnel magneto-resistive effect 
component indicated by any [ daim 1 thru/or ] of 4 they are, said bias field induction layer has a bias grant means, 
and said bias grant means contacts crosswise both ends of said bias field induction layer, and has spacing G 
between crosswise ecfees of said pinned layer. 

[Claim 6] It is the tunnel magneto-resistive effect component which is a tunnel magneto-resistive effect component 
indicated by claim 5 and by which said bias means is constituted from a layered product of a high coercive force 
ingredient, an antiferromagnetism ingredient or an antiferromagnetism layer, and ferromagnetic layer much more at 
least 

[Claim 7] It is the tunnel magneto-resistive effect component to which it is the tunnel magneto-resistive effect 
component indicated by any [ claim 1 thru/or ] of 6 they are, and said pinning layer carries out pinning of the 
magnetization of said pinned layer further including a pinning layer. 

[Claim 8] It is the tunnel magneto-resistive effect component which it has an electrode of a pair further, is a tunnel 
magneto-resistive effect component indicated by any [ claim 1 thru/or ] of 7 they are, opposite arrangement of the 
electrode of said pair is carried out so that said ferromagnetic tunnel effect film may be inserted in the direction of 
a laminating, and is electrically joined to said ferromagnetic tunnel effect film. 

[Claim 9] It is the tunnel magnetic resistance element by which opposite arrangement is carried out so that it may 
be the tunnel magneto-resistive effect component indicated by claim 8 and shielding film of said pair may sandwich 
an electrode of said pair further including shielding film of a pair. 

[Claim 1 0] It is the thin film magnetic head which it is the thin film magnetic head containing at least one read-out 
component, and said read-out component becomes with a tunnel magneto-resistive effect component indicated by 
any of claim 1 jMoMc they are. 

[Claim 1 1] The thin film magnetic head which is the thin film magnetic head indicated by claim 10. and contains at 
least one write-in component further. 

[Claim 1 2] the thin film magnetic head indicated by claim 11 — it is — said write-in component — an induction type 

— electromagnetism — a sensing element — it is — said induction type — electromagnetism — the thin film 
magnetic head from which a sensing element contains the 1 st magnetic film. 2nd magnetic film, and gap film, each 
end is separated with said gap film, and said the 1 st magnetic film and said 2nd magnetic film constitute the write-in 
pole section. 

[Claim 1 3] the thin film magnetic head indicated by claim 11 — it is — said write-in component — an induction type 

— electromagnetism — a sensing element — it is — said induction type — electromagnetism — the thin film 
magnetic head with which said 1st magnetic film contains the main pole and an auxiliary magnetic pole including the 
1 st magnetic film and the 2nd magnetic film in a sensing element, said main pole constitutes the perpendicular 
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write-in pole section, and said auxiliary magnetic pole has combined magnetically said main pole and said 1 st 
magnetic film. 

[Claim 1 4] It is magnetic-head equipment with which are magnetic-head equipment containing the thin film magnetic 
head and head means for supporting, and said thin film magnetic head was indicated by any [ claim 10 thru/or ] of 
1 3 they are, and said head means for supporting come to support said thin film magnetic head. 
[Claim 1 5] It is the magnetic disk drive with which are a magnetic disk drive containing magnetic-head equipment 
and a magnetic disk, and said magnetic-head equipment was indicated by claim 1 4, and said magnetic disk comes to 
carry out magnetic recording and playback between said magnetic-head equipment 

[Claim 16] It is the manufacture approach of ferromagnetic tunnel effect film including a process which is the 
manufacture approach of ferromagnetic tunnel effect film, and cleans a front face which said tunnel barrier layer of 
said pinned layer [ free layer and said pinned layer ] is pinched including a tunnel barrier layer, a free layer, and a 
pinned layer, and said ferromagnetic tunnel effect film forms before membrane formation of said each class by ion 
etching. 

[Claim 1 7] It is the manufacture approach of a tunnel magneto-resistive effect component including a process which 
is the manufacture approach of a tunnel magneto-resistive effect component containing ferromagnetic tunnel effect 
film, and cleans a front face which said tunnel barrier layer of said pinned layer [ free layer and said pinned layer ] is 
pinched including a tunnel barrier layer, a free layer, and a pinned layer, and said ferromagnetic tunnel effect film 
forms before membrane formation of said each class by ion etching. 

[Claim 1 8] It is the approach of manufacturing the thin film magnetic head containing at least one read-out 
component. Said read-out component Ferromagnetic tunnel effect film is included. Said ferromagnetic tunnel effect 
film A manufacture approach of the thin film magnetic head including a process which cleans a front face which said 
tunnel barrier layer of said pinned layer [ free layer and said pinned layer ] is pinched, and forms membranes before 
membrane formation of said each class including a tunnel barrier layer, a free layer, and a pinned layer by ion 
etching. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a tunnel magneto-resistive effect component (a TMR component is 

called below), the thin film magnetic head, magnetic-head equipment, and a magnetic disk drive. 

[0002] 

[Description of the Prior Art] The head of high sensitivity and high power is demanded in connection with the 
densrfication of a hard disk (HDD). The TMR component attracts attention as what meets this demand. The TMR 
component uses the ferromagnetic tunnel effect film which consists of multilayer structure of a ferromagnetic 
layer / tunnel barrier layer / ferromagnetic layer The ferromagnetic tunnel effect means the phenomenon in which 
the tunnel current which flows a tunnel barrier layer changes depending on whenever [ angular relation / of 
magnetization of both ferromagnetic layers ], when passing a current between the ferromagnetic layers of the pair 
whose tunnel barrier layer is pinched. The tunnel barrier layer in this case is a thin insulator layer, and it can pass an 
electron, saving spin according to the tunnel effect. 

[0003] In the TMR component, it is reported that 1 2% or more of resistance rate-of-change **R/R is shown, about 
[ from which application of magnetic HEDDOHE still began although such a TMR component was expected as a 
next-generation sensor which replaces the sensor which used the spin bulb film (the Spin Vah/e film and the 
following SV film are called) ] — it is — as one of the present technical problems — a TMR property — the 
maximum student or — development of new head structure is mentioned That is, in order for the 
ferromagnetic tunnel effect film itself to take the geometric structure of passing a cun^ent in the thickness direction 
of a cascade screen, the design of new head structure by which the conventional proposal is not made is required. 
[0004] The conventional example which applied the TMR component to magnetic-head structure is indicated by 
U.S.P.5.729.410, U.S.P.5,898,547. U.S.P.5.898,548, U.S.P.5,901 ,01 8, etc. In these official reports, the technical 
improvement is proposed that it can respond mainly to super-high density record However, the development 
demand of the TMR magnetic head to super-high density record will become more advanced, and it waits eageriy for 
the proposal of the highly efficient TMR magnetic head also compared with the former. 

[0005] For example, when using a TMR component as a reading component of the thin film magnetic head, electric 
short-circuit may occur after the time of polish processing, or polish processing, and the structure of exposing the 
tunnel barrier layer which consists of a thin insulating layer to a polishing side is not desirable. As a means to avoid 
such a problem, this invention persons proposed flux probe section type TMR structure previously (Japanese Patent 
Application No. No. 188472 [ 1 1 to ]). In this advanced technology, the point of the soft magnetism layer both 
directly contacted on the ferromagnetic tunnel effect film which arranges the ferromagnetic tunnel effect film in the 
location into which it withdrew from the polishing side is drawn to the polishing side as the flux probe section. The 
flux probe section is formed by using a part of free layer of the ferromagnetic tunnel effect film, or newly adding the 
soft magnetism layer in which size differs from the ferromagnetic tunnel effect film. 

[0006] There is another important role in the soft magnetism layer given in order to form the flux probe section. It is 
a role of a bias field flare part which gives the longitudinal bias field from a hard magnet or the antiferromagnetic 
substance to the free layer of the ferromagnetic tunnel effect film. 

[0007] However, the short-circuit between fen^omagnetics will occur on account of the geometric structure which 
said previously that a hard magnet etc. is contacted to the edge of the ferromagnetic tunnel effect film, and TMR 
rate of change will be lost by it. 

[0008] Moreover, although the short-circuit between ferromagnetics is not generated when a hard magnet etc. is 
directly contacted for any of the up ferromagnetic of the ferromagnetic tunnel effect film, or a lower ferromagnetic 
being, a current flows through a hard magnet etc. and TMR rate of change deteriorates. 

[0009] As a means to avoid such a problem, this invention persons made THike configuration the soft magnetism 
film which constitute the flux probe section, and extended the base of the flux probe section crosswise [ truck ], it 
considered as the configuration where width of face be wider than the ferromagnetic tunnel effect film, and the 
structure which form a hard magnet or an antiferromagnetism layer in a part for the both ends be proposed 
( Japanese Patent Application No. No. 171869 [ 1 1 to ]). 

[0010] By the way, in connection with the densification of record, it must reduce and the magnetic record pattern 
recorded on media must also reduce the area of the TMR component carried in the reproducing head in connection 
with it. For example, in order to make it adapted for the recording density of 40Gbspi, a TMR component must be 
reduced even to the size of 0.4x0.4 (micrometer2) extent. A detailed mask is formed in formation of such a detailed 
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pattern with a photolithography technique, and the technique of carrying out pattern NINGU of the metal membrane 
by ion milling is taken. 

[001 1] However, with a current photolithography technique, as proposed previously, when the flux probe section and 
a bias field flare part are constituted from one soft magnetism film, the part of the angle of the flux probe section 
will be round as a pattern is made detailed, since the regenerative-track width of face of a head is determined by 
the width of face of the flux probe section when a TMR component is used as a reading component of the thin film 
magnetic head — such an angle — being round — it becomes the cause of the variation in the width of recording 
track and is not desirable. 

[0012] Although it is necessary to introduce EB exposure technique etc. in order to avoid such a problem, the 
lateness of a throughput is a problem and equipment itself is a large sum. 

[0013] Moreover, when a soft magnetism layer is made into the bigger rectangle than a TMR component instead of 
the shape of T. it becomes impossible to make the width of recording track smaller than a TMR component, and is 
not desirable. 
[0014] 

[Problem(s) to be Solved by the Invention] The technical problem of this invention is to offer a TMR component 
applicable to super-high density record, the thin film magnetic head, magnetic-head equipment, and a magnetic disk 
drive. 

[0015] Another technical problem of this invention is offering the TMR component which has the highly precise 
reading width of recording track, the thin film magnetic head, magnetic~head equipment, and a magnetic disk drive. 
[0016] 

[Means for Solving the Problem] In order to solve such a technical problem, the TMR component concerning this 

invention contains the ferromagnetic tunnel effect film, a bias field induction layer, and a flux guide layer. 

[0017] As for said ferromagnetic tunnel effect film, said tunnel barrier layer of said pinned layer [ free layer and said 

pinned layer ] is pinched including the tunnel barrier layer, the free layer, and the pinned layer. 

[0018] Said bias field induction layer impresses a bias field to said free layer, and the width efface seen in the 

direction of a bias field is larger than the width of face of said ferromagnetic tunnel effect film. 

[0019] As said flux guide layer intersects the direction of the bias field of said bias field induction layer, while a 

laminating is carried out to said bias field induction layer, it was magnetically combined with said free layer, and the 

end constituted the flux probe sectior), the width of face of said flux probe section is narrower than the width of 

f^ce seen in the direction of the bias field of said bias field induction layer, and it is prqiected from said bias field 

induction layer. 

[0020] The TMR comporrent concerning this nivention has the ferromagnetic tunnel effect film which consists of 
multilayer structure of a fi^ee layer / tunnel barrier layer / pinned layer, and when a current is passed between the 
free layers and pinr^ed layers whose tunr>el barrier layer is pinched, the tunnel current which flows a tunnel barrier 
layer changes depending on whenever [ ar^gular relation / of the nnagnetization between a finee layer and a pinned 
layer ] (the TMR effectiveness). Although the direction of magnetization of a pinned layer is immobilization, the 
direction of magnetization of a free layer changes acccM^ding to an external magnetic field. Therefore, an external 
magnetic field is detectable by detecting the current which flows for a TMR component, or its rate of change. 
[0021] The TMR component concerning this invention contains a bias field induction layer. A bias field induction 
layer impresses a bias field to said free layer. Thereby, the Barkhausen noise in a free layer can be removed and the 
detecting signal of high quality can be obtained. As for the bias field induction layer, the width of face seen by the 
longitudinal direction has become larger than the width of face of said ferromagnetic tunnel effect film. Therefore, 
spacing can be separated from the ferromagnetic tunnel effect film to a part for the both ends of the cross direction 
of a bias field induction layer, and a bias grant means can be formed in it. For this reason, the short-circuit between 
ferromagnetics by the bias grant means etc. is avoidable. 

[0022] Furthermore, the TMR component concerning this invention contains a flux guide layer. A flux guide layer is 
magnetically combined with a free layer, and an end constitutes the flux probe section. This flux probe section is 
projected from the bias field induction layer. An external magnetic field is introduced from the flux probe section, 
passes along a flux guide layer, and is impressed to a free layer. Therefore, in application to the thin film magnetic 
head etc., the flux probe section is located in a polishing side, and the ferromagnetic tunnel effect film can be 
arranged in the location into which it withdrew from the polishing side. For this reason, it is avoidable that electric 
short-circuit occurs in a tunnel barrier layer after the time of polish processing or polish processing. 
[0023] The width of face of the flux probe section is narrower than the width of face seen in the direction of the 
bias field of a bias field induction layer, and since it has projected from the bias field induction layer, when it uses as 
a reading component of the thin film magnetic head, the regenerative-track width of face of a head can be set as 
the minute value determined by the width of face of the flux probe section. 

[0024] And since the laminating of the flux guide layer is carried out to the bias field induction layer and it is layer 
with an another bias field induction layer, it can be formed according to membrane formation process that a bias 
field induction layer is another. 

[0025] The flux guide layer intersects the direction of the bias field of a bias field induction layer, and the end 
constitutes the flux probe section. Therefore, also when a flux guide layer produces a radius of circle in an edge, the 
radius-of-circle part can be removed and the part by which the width-of-face dimension was stabilized can be used 
as the flux probe section. For this reason, the TMR component which has the highly precise reading width of 
recording track can be obtained. 
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[0026] In a concrete mode, the laminating of the ferromagnetic tunnel effect film is carried out to the order of a free 
layer and tunnel barrier layer and a pinned layer, or a laminating is carried out to the order of a pinned layer, a 
tunnel barrier layer, and a free layer. 

[0027] When the ferromagnetic tunnel effect film has the structure which carried out the laminating to the order of 
a free layer and tunnel barrier layer and a pinned layer, the laminating of the flux guide layer can be carried out on a 
bias field induction layer, and the structure of making the free layer of the TMR film adjoining a flux guide layer can 
be adopted. In this case, a flux guide layer can be formed in a free layer and this body. 

[0028] When the ferromagnetic tunnel effect film has the structure which carried out the laminating to the order of 
a pinned layer, a tunnel barrier layer, and a free layer, a bias field induction layer can be made to be able to adjoin a 
free layer, and the structure which carries out the laminating of the flux guide layer on a bias field induction layer 
can be adopted. 

[0029] The bias field induction layer has the bias grant means, and a bias grant means contacts the both ends of the 
cross direction of a bias field induction layer, and it has a tooth space between the crosswise edges of a pinned 
layer. According to this structure, the short-circuit between ferromagnetics and the circumference lump of a 
current are avoidable. A bias means may consist of layered products of a high coercive force ingredient, an 
antiferromagnetism ingredient or an antiferromagnetism layer, and ferromagnetic layer much more at least. 
Moreover, the ferromagnetic tunnel effect film contains a pinning layer. This pinning layer carries out pinning of the 
magnetization of a pinned layer. 

[0030] This invention is indicated again also about the electrode structure, the shielding structure over the 
ferromagnetic tunnel effect film, the thin film magnetic head that read the TMR component and was further used as 
a component, the magnetic-head equipment using this thin film magnetic head, and the magnetic disk drive for 
passing a current on the ferromagnetic tunnel effect film. This invention is further indicated also about the 
manufacture approach of the ferromagnetic tunnel effect film. 
[0031] 

[Embodiment of the Invention] The perspective view showing one example of the TMR conriponent which drawing 1 
requires for this inyeritipn, the expanded sectional view of the TMR component which showed drawing 2 to drawing 
1 . and drawing 3 are the sectional views which met three to 3 line of drawing 2 . These drawings are exaggeratingly 
illustrated so that he can understand the description part of this invention easily. The perimeter of the part shown 
by hatching is . covered with the nonmagnetic insulating layer which becomes with the ceramics etc, 
[0032] The illustrated TMR component contains the ferromagnetic tunnel effect film 1, the bias field induction layer 
21 . and the flux guide layer 22. The ferromagnetic turmel efFiect film 1 irtcludes the tunrtel barrier layer 1 1 , the free 
layer 1 2. and a pinned layer 13. The tunnel barrier layer 11 of a pinned layer [ the free layer 1 2 and ] 1 3 is pMrtchecL 
[0033] The free layer 1 2 acts so that the external magnetic field which is magnetic information fundamentally may 
be answered and the sertse of magnetization may be changed freely. Moreover, pinning of the pinned layer 1 3 is 
carried out so that the whole of the magnetization direction may turn to the fixed direction. Therefore, the 
laminating of the pinning layer 14 for carrying out pirming of the magnetization of a pinned layer 13 is usually carried 
out to a field opposite to the side which touches the tunnel barrier layer 11 of a pinr>ed layer 1 3. 
[0034] The bias field induction layer 21 impresses a bias field to the free layer 12, and the width of face seen in the 
direction of the bias field F1 is larger than the width of face of the ferromagnetic tunnel effect film 1. The bias field 
induction layer 21 has the bias means 23 and 24. The bias field of the free layer 12 is impressed through the bias 
field induction layer 21 by the bias grant means 23 and 24. The bias means 23 and 24 may consist of layered 
products of a high coercive force ingredient, an antiferromagnetism ingredient or an antiferromagnetism layer, and 
ferromagnetic layer much more at least. 

[0035] As the direction Fl of the bias field of the bias field induction layer 21 and the flux guide layer 22 cross at 
right angles mostly, the laminating is carried out to the bias field induction layer 21. It was further combined with the 
free layer 12 magnetically, and the end constituted the flux probe section 221, the width efface of the flux guide 
layer 22 is narrower than the width of face of the bias field induction layer 21, and it has projected the flux probe 
section 221 from the bias field induction layer 21. 

[0036] In the illustration example, the laminating of the ferromagnetic tunnel effect film 1 is carried out to the order 
of the free layer 12. the tunnel barrier layer 11, and a pinned layer 13. The laminating of the flux guide layer 22 is 
directly carried out on the bias field induction layer 21, The free layer 12 of the ferromagnetic tunnel effect film 1 is 
contacted and formed on the whole surface of the flux guide layer 22. 

[0037] The TMR component concerning this invention has the ferromagnetic tunnel effect film 1 which consists of 
multilayer structure of the 1 1 /pinned layer 13 of 12/tunnel barrier layers of free layers, and when a current is 
passed between the fr-ee layers 12 and pinned layers 13 whose tunnel barrier layer 1 1 is pinched, the tunnel current 
which flows the tunnel barrier layer 1 1 changes depending on whenever [ angular relation / of the magnetization 
between the free layer 12 and a pinned layer 13 ]. Although the direction of magnetization of a pinned layer 13 is 
immobilization, the direction of magnetization of the free layer 1 2 changes according to an external magnetic field. 
Therefore, an external magnetic field is detectable by detecting the current which flows for a TMR component or its 
rate of change. 

[0038] Since a TMR component impresses a bias field to the free layer 12 by the bias field induction layer 21 
including the bias field induction layer 21. it can remove the Barkhausen noise in the free layer 12. and can obtain 
the detecting signal of high quality. Since the width efface seen in the direction Fl of a bias field is larger than the 
width of face of the ferromagnetic tunnel effect film 1. the bias field induction layer 21 can separate spacing G from 
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the ferromagnetic tunnel effect film 1 to a part for the both ends of the cross direction of the bias field induction 
layer 21, and can fomi the bias grant means 23 and 24 in it For this reason, the electric short-circuit between the 
free layer 12-pinned layers 13 by the bias grant means 23 and 24 etc. is avoidable. 

[0039] Furthermore, the TMR component concerning this invention contains the flux guide layer 22. The flux guide 
layer 22 is magnetically combined with the free layer 12, and the end constitutes the flux probe section 221. This 
flux probe section 221 is projected from the bias field induction layer 21. An external magnetic field is introduced 
from the flux probe section 221. passes along the flux guide layer 22, and is impressed to the free layer 12. 
Therefore, in application to the thin film magnetic head etc., the flux probe section 221 is located in the polishing 
side PS 1 (refer to drawing 3 ). and the ferromagnetic tunnel effect film 1 can be arranged in the location into which 
it withdrew fi^om the polishing side PS 1 . For this reason, it is avoidable that electric short-circuit occurs in the 
tunnel barrier layer 1 1 after the time of polish processing or polish processing. 

[0040] The width of face Lf of the flux probe section 221 is narrower than the width of face Lm of the bias field 
induction layer 21, and since it is projected fi^om the bias field induction layer 21, when the TMR component 
concerned is used as a reading component of the thin film magnetic head, it can set the regenerative-track width of 
face of a head as the minute value determined by the width of face Lf of the flux probe section 221. 
[0041] And since the flux guide layer 22 is layer with the another bias field induction layer 21, it can form the flux 
guide layer 22 according to membrane fonmation process that the bias field induction layer 21 is another. The flux 
guide layer 22 intersects the direction F1 of the bias field of the bias field induction layer 21, and the end 
constitutes the flux probe section 221. Therefore, also when the flux guide layer 22 produces a radius of circle in 
the edge, the radius-of-circle part can be removed and the interstitial segment by which the width-ofH'ace 
dimension was stabilized can be used as the flux probe section 221. For this reason, the TMR component which has 
the highly precise reading width of recording track can be obtained. 

[0042] The width of face Lp of the ferromagnetic tunnel effect film 1 is equal to the width of face Lf of the flux 
probe section 221. or is set up greatly smaller than the width efface Lm of the bias field induction layer 21. Width of 
face Lf of about 0.5-4 micrometers and the flux probe section 221 is set to about 0.1-2 micrometers for the width 
efface Lm of the bias field induction layer 21. 

[0043] Furthermore, 0.01-0.3 micrometers depth H [ 0.01-0.2 micrometers ] of the flux guide layer 22 is preferably 
set as 0.01-0.1 micrometers still more preferably. Although the more infinite one near 0 of this H value is good, the 
danger of an electrostatic discharge arises or the electric short danger of the free layer 12 and pinned layer 13 in a 
polish process arises as it becomes small. Therefore, a lower limit is good to be referred to as about 0.01 
micrometers. On the other hand, if this H value exceeds 0.3 micrometers, an output will decline, or a crosswise bias 
field will become inadequate and a Barkhausen noise will arise. 

[0044] Opposite arrangement of the electrodes 25 and 26 of a pair is carried out at the upper and lower sides of the 
direction of a lanrrinattng of the ferromagnetic tunnel effect film 1. A sense current is supplied to the ferromagnetic 
tunnel effect film 1 with the electrodes 25 and 26 of this pair. Opposite arrangement of the magnetic-shielding 
layers 27 and 28 of a pair is carried out so that these may furthermore be covered, respectively. 
[0045] As for the bias field induction layer 21. a bias field is impressed crosswise by the bias grant means 23 and 24. 
The width of face Lm of the bias field induction layer 21 is set up more greatly than the width of face Lp of a pinned 
layer 13, and the bias field induction layer 21 serves as a gestalt to which only the part with the width efface Lm 
longer than the die length Lp of a pinned layer 1 3 equipped the both ends at least with the extension, respectively. 
[0046] In order to make it not reduce TMR rate of change substantially, as for spacing G, setting to the 
predetermined range is desirable. If the numeric value experimentally found out as a desirable mode is mentioned, as 
for especially the spacing G. it will be desirable to consider as the range 0.02 micrometers or more of 0.3 
micrometers or less, and the 0.02 more micrometer or more range of less than 0.15 micrometers 0.02 micrometers 
or more. 

[0047] When the value of spacing G is set to less than 0.02 micrometers, it is in the inclination for TMR rate of 
change to fall. If this G value becomes large too much and exceeds 0.3 micrometers on the other hand, the 
inclination which the effective width of recording track spreads and stops agreeing in the future demand to a raise in 
recording density will arise. 

[0048] Moreover, although especially the thickness of the free layer 1 2 in this invention is not limited, it is good 
preferably to set [ 2-5nm / 4-3nm ] it as the range of 6-2nm more preferably. If this thickness is set to less than 
2nm. it will become difflcutt on a membrane formation technique to make width of face Lm of the cross direction of 
the bias field induction layer 21 into sufficient magnitude. Moreover, if this thickness exceeds 50nm, by dispersion in 
the property of the free layer 12 interior, distribution of electron spin polarizability will arise and un-arranging [ that 
TMR rate of change will decrease as a result ] will arise. 

[0049] The quality of the material which constitutes the free layer 12 and a pinned layer 13 has a desirable high spin 
polarization ingredient so that high TMR rate of change may be obtained, for example. Fe, Co. nickel, FeCo, NiFe, 
CoZrNb, FeCoNi, etc. are used. These may be the layered products more than two-layer. As mentioned above. 2- 
5nm of thickness of the free layer 1 2 is preferably set to 6-2nm. If there is an inclination for an output to decline if 
thickness becomes thick too much and thickness becomes thin too much, magnetic properties will become unstable 
and un-arranging [ that the noise at the time of head actuation increases ] will arise. 1-1 Onm of thickness of a 
pinned layer 13 is preferably set to 2-5nm. If pinning of the magnetization by the pinning layer 14 will become 
weaker if thickness becomes thick too much, and thickness becomes thin too much, the inclination for TMR rate of 
change to decrease will arise. 
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[0050] Although the pinning layer 14 which carries out pinning of the magnetization of a pinned layer 13 will not be 
especially limited if the pinning function is achieved, an antiferromagnetism ingredient is usually used. Thickness is 
usually set to about 60-5nm. 

[0051] The tunnel barrier layer 11 consists of A1203. NiO. GdO, MgO. Ta 205. Mo02 and Ti02, and W02 grade. 
Although it is desirable that it is thin as much as possible for the reduction in resistance of a component, it is too 
thin not much, and leakage current will drop off and the thickness of the tunnel barrier layer 1 1 is not desirable, if a 
pinhole is generated. Generally, it may be about 0.5-2nm. 

[0052] voice also with desirable also using the free layer 1 2 as the synthetic ferry magnet (synthetic ferrimagnet) 
illustrated by the three-layer layered product of for example, a NiFe layer (2nm in thickness) / Ru layer (0.7nm in 
thickness) / NiFe layer (2.5nm in thickness) in this invention — it is one [ like ], In this case, the magnetization 
direction of an up-and-down NiFe layer and a NiFe layer is hard flow mutually, respectively. Since the thickness of 
the effectual free layer 1 2 can be thinly set up when a synthetic ferry magnet is used, magnetic field sensibility 
improves and there is a merit that an output becomes large. Moreover, such a synthetic ferry magnet is applicable 
also to a pinned layer 1 3. 

[0053] Moreover, in the gestalt of the above-mentioned operation, although the bias grant means 23 and 24 are 
arranged at the both-ends bottom of the free layer 1 2. they may be arranged to the down side, without being limited 
to this. 

[0054] The perspective view showing another example of the TMR component which drawing 4 requires for this 
invention, the expanded sectional view of the TMR component which showed drawin g 5 to drawing 4 , and drawing 6 
are the sectional views which met six to 6 line of drawing 5 , In drawing, the same reference mark is attached about 
the same component as the component which appeared in drawing l -3. In this example, the laminating of the 
ferromagnetic tunnel effect film 1 is carried out to the order of the free layer 12, the tunnel barrier layer 11, and a 
pinned layer 13. The flux guide layer 22 is formed in the free layer 12 and this body. Although the flux guide layers 
22 are the free layer 12 and this body, the bias field induction layer 21 is another layer, and the laminating of them is 
carried out on the bias field induction layer 21. 

[0055] The perspective view showing another example of the TMR component which drawing 7 requires for this 
invention, and drawing 8 are the sectional views which met eight to 8 line of drawing 7 . In drawing, the same 
reference mark is attached about the same component as the component which appeared in drawing 1 -3. In this 
example, the ferromagnetic tunnel effect film 1 has the structure which carried out the laminating to the order of a 
pinned layer 13. the tunnel barrier layer 1 1^ and the free layer 12. The bias Held induction layer 21 acSoins the firee 
layer 12. and the lamtnatmg of the flux guide layer 22 is carried out on the bias field irKiuction layer 21. The fkix 
guide layer 22 is another, layer in the bias field induction layer 21. 

[0056] The perspective view showing another examp>le of the TMR component which drawing 9 requires for this 
invention, and drawing 10 are the sectional views which met ten to 10 line of drawing 9 . In drawing, the same 
reference mark is attached about the same component as the component which appeared in drawing 1 —3. In this 
example, the ferromagnetic tunnel effect film 1 has the structure which carried out the laminating to the order of a 
pinned layer 13, the tunnel barrier layer 11. and the free layer 12. The bias field induction layer 21 is formed in the 
fi^e layer 12 and this body. The flux guide layer 22 is another layer in the bias field induction layer 21, and the 
laminating is carried out on the bias field induction layer 21. 

[0057] Next, with reference to drawing 1 1 -23, the production process of the bias field induction layer 21 and the 
FURRAKUSU guide layer 22 is especially explained about the manufacture approach of the TMR component 
illustrated to drawing 1 -3. Although the various thin film pattern formation techniques in which the photoresist 
method, ion milling, lift off. the spatter forming-membranes method, etc. are well-known are used on the occasion of 
manufacture, explanation of the individual detail technique is omitted here. 

[0058] First, the bias field induction layer 21 is formed on the electrode layer 25 which carried out the laminating on 
the shielding layer 27 so that it may illustrate to drawing 1 1 and 1 2. The shielding layer 27 and the electrode layer 
25 are covered with nonmagnetic insulating layers, such as ceramics. 

[0059] The flux guide layer 22 is formed on the bias field induction layer 21 so that it may illustrate to degree 
drawing 13 and 14. In order to make it adapted for the recording density of 40Qbspi as mentioned above, the 
ferromagnetic tunnel effect film must be reduced even to the size of 0.4x0.4 (micrometer2) extent The flux guide 
layer 22 also becomes a detailed pattern corresponding to the size mentioned above. If such a detailed pattern is 
formed with a photolithography technique, a radius of circle will be produced in the comer of the flux guide layer 22 
so that it may illustrate to drawing 13 . 

[0060] Next, as shown in drawing 15 , the ferromagnetic layer 13 used as the ferromagnetic layer 12 used as a fi^ee 
layer, the insulating layer 1 1 used as a tunnel barrier layer, and a pinned layer is formed on the bias field induction 
layer 21 and the flux guide layer 22. It is desirable to clean the front face which forms membranes before membrane 
formation of each class 11-14 by ion etching in membrane formation of these each class 11-14. According to such 
cleaning, it can avoid that a resist residual contamination layer or an oxidizing zone is formed in the interface of 
each class, and resistance increase of the ferromagnetic tunnel effect film finally obtained can be prevented. 
[0061] Next as shown in drawin g 16 . the resist film 100 is formed in the front face of the ferromagnetic layer 13 by 
the predetermined pattern. The resist film 100 has the pattern extended to the proximal region of the flux guide 
layer 22 from the field with which the bias field induction layer 21 and the flux guide layer 22 lap. j 
[0062] And as shown in drawing 17 , ion milling etc. removes the part which is not covered with the resist film 1 00. 
Drawing 18 and 1 9 show the pattern after removal. As shown in drawing 18 and 1 9, the cascade screen of the 
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ferromagnetic layer 12, an insulating layer 11, and the ferromagnetic layer 13 is formed on the flux guide layer 22. 
The pattern of this cascade screen turns into the almost same pattern as the resist film 100. 
[0063] Next after exfoliating according to the means of common knowledge of the resist film 100. as shown in 
drawing 20 . another resist film 110 is formed by the predetermined pattern. The resist film 1 10 is formed so that it 
may become the pattern which the point which wore the radius of circle of the both ends of the bias field induction 
layer 21, and the point which wore the radius of circle of the flux probe film 22 expose. And as shown in drawing 21 , 
the point which wore the radius of circle of the both ends of the bias field induction layer 21 which is not covered 
with the resist film 1 1 0 with means, such as ion milting, and the point which wore the radius of circle of the flux 
probe film 22 are removed, 

[0064] Drawing 22 and 23 show the condition after removing the resist film 1 1 0 after the milling mentioned above. 
The point which wore the radius of circle of both ends is removed, and patterning of the bias field induction layer 21 
is carried out so that it may have die length predetermined by the stable width of face, so that it may illustrate. 
Moreover, the both ends which wore the radius of circle of the flux guide layer 22 are also removed, and it becomes 
the dimension stabilized by the width of face of the flux guide layer 22 and the ferromagnetic tunnel effect film on it. 

[0065] Next, as shown in drawing 24 , as a part of front face of the ferromagnetic tunnel effect film 1 is exposed, it 
forms the resist film 1 20. and ion milling is performed as shown in drawing 25 . In this ion milling, milling of the 
ferromagnetic layer 13, the tunnel barrier layer 11, and the ferromagnetic layer 12 which constitute the 
ferromagnetic tunnel effect film 1 is carried out Thereby, as shown in drawing 26 and 27, the flux guide layer 22 
which has the flux probe edge 221 which projects with a predetermined dimension is obtained. The TMR component 
illustrated to drawing 4 -6 can also be manufactured according to the same process. 

[0066] Next, with reference to drawing 28 -35, the manufacture approach of drawing 7 and the TMR component 
illustrated to 8 is explained. First after forming the ferromagnetic layer 13 used as the ferromagnetic layer 12 used 
as a free layer, the insulating layer 1 1 used as a tunnel barrier layer, and a. pinned layer on the electrode layer 25 
which carried out the laminating on the shielding layer 27 so that it may illustrate to drawing 28 and 29, the bias field 
induction layer 21 is formed. The perimeter of the shielding layer 27, the electrode layer 25. the ferromagnetic layer 
12. an insulating layer 1 1, and the ferromagnetic layer 13 is covered with nonmagnetic insulating layers, such as 
ceramics. As stated above, it is desirable to clean the fr-ont face which forms membranes before membrane 
formation of each class 11-14 by ion etching in membrane formation of each class 1 1-14 which constitutes the 
ferromagnetic tunnel effect film 1. According to such cleaning it can avoid that a resist residual contamination layer 
or an oxidizing zone is formed in the interface of each class, and resistance increase of the ferromagnetic turmel 
effect film finally obtairted can be preverrted. 

[0067] The flux guide layer 22 is formed on the bias field induction layer 21 so that it may illustrate to degree 
drawing 30 and 31. In order to make it adapted for the recording density of 40Gbspi as mentioned above, the 
ferromagnetic tunnel effect film must be recfcjced even to the size of 0.4x0.4 (micrometer2) extent The flux guide 
layer 22 also becorrtes a detailed pattern corresponding to the size mentioned above. If such a detailed pattern is 
formed with a photolithography technique, a radius of circle will be produced in the comer of the flux guide layer 22 
so that it may illustrate to drawing 30 . 

[0068] Next, as shown in drawing 32 . the resist film 1 30 is formed by the predetermined pattern. The resist film 1 30 
is formed so that it may become the pattern which the point which wore the radius of circle of the both ends of the 
bias field induction layer 21. and the point which wore the radius of circle of the flux probe film 22 expose. And as 
shown in drawing 33 . means, such as ion milling, remove the both ends of the bias field induction layer 21 which is 
not covered with the resist film 130, and the point which wore the radius of circle of the flux probe film 22. Thereby, 
the bias field induction layer 21 by which width efface was stabilized, and the flux guide layer 22 are obtained. 
[0069] Drawing 34 -36 show the configuration which removed the resist film 130 and was acquired after the milling 
mentioned above. The point which wore the radius of circle of both ends is removed, and patterning of the bias field 
induction layer 21 is carried out so that it may have die length predetermined by the stable width efface, so that it 
may illustrate. Moreover, the both ends which wore the radius of circle of the flux guide layer 22 are also removed, 
and it becomes the dimension stabilized by the width efface of the flux guide layer 22 and the ferromagnetic tunnel 
effect film on it The flux guide layer 22 which has by this the flux probe edge 221 which projects with a 
predetermined dimension is obtained Drawing 9 and the TMR component illustrated to 10 can also be manufactured 
according to the same process. 

[0070] the TMR component which drawing 37 mentioned above — reading — as a component — using — an 
induction type — electromagnetism — the perspective view of the thin film magnetic head for the record within a 
field which wrote in the sensing element and was used as a component and drawing 38 show the expanded sectional 
view of the thin film magnetic head shown in drawing 37 , The thin film magnetic head of illustration has the write-in 
component 5 which consisted of TMR components which start this invention on a slider 4 and which reads and 
becomes by the component 6 and the induction type MAG sensing element An arrow head A1 shows the medium 
transit direction. In drawing, the dimension is exaggerated partially and differs from a dressed size. 
[0071] A slider 4 has rails 41 and 42 in a medium opposed face side, and the front face of a rail is used as ABS 43 
and 44. Rails 41 and 42 are not restricted to two. It may become the flat surface which may have 1-3 rails and does 
not have a rail. Moreover, various geometry may be given to a medium opposed face for a surfacing property 
improvement etc. Even if it is the slider 4 of which type, application of this invention is possible. Moreover, since a 
slider 4 is equipped with protective coats, such as DLC which has about 8-1 Onm thickness, on the surface of a rail. 
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in such a case, the front face of a protective coat serves as ABS 43 and 44. A slider 4 is the ceramic structure 
which formed aluminum 203 and the inorganic insulator layer 420 of Si02 grade in the front face of the base 410 
which becomes by atuminum203-T1C etc, 

[0072] Both one side [ of rails 41 and 42 ] or trailing . edge TR side is equipped with the write-in component 5 and 
the reading component 6. a slider 4 Is equipped with the write-in component 5 and the reading component 6 — 
having — electromagnetism — the edge for conversion is located in ABS 43 and 44 and the location which 
approached. The ejection electrodes 47 and 48 which were connected to the write-in component 5 and which took 
out and were connected to electrodes 45 and 46 and the reading component 6 are formed in the slider side face in 
the trailing . edge TR side, respectively. 

[0073] The write-in component 5 has the gap film 54, an insulator layer 55, a protective coat 56. etc, which become 
with the 1st magnetic film 51 which serves as the 2nd [ to the reading component 6 ] shielding film, the 2nd 
magnetic film 52. the coil film 53, an alumina, etc. Independently of the 1st magnetic film 51, you may have the 2nd 
shielding film. 

[0074] The end sections (point) 510 and 520 of the 1st magnetic film 51 and the 2nd magnetic film 52 are the pole 
section which separates the gap film 54 of minute thickness and counters, and write in in the pole section. The 1 st 
and 2nd magnetic films 51 and 52 may be monolayers, and may be double layer membrane structures. Double layer 
membrane-ization of the 1st and 2nd magnetic films 51 and 52 may be performed for the purpose of for example, a 
property improvement. Various amelioration and a proposal are made also about the structure of the pole section 
from viewpoints, such as improvement in narrow-izing of the width of recording track, and record capacity. In this 
invention, any pole structure proposed until now is employable. The gap film 54 is constituted by inorganic insulator 
layers, such as non-magnetic metal film or an alumina. 

[0075] The 2nd magnetic film 52 inclines and starts to a pole section side at a certain include angle to a field parallel 
to the field of the gap film 54. Further, the 2nd magnetic film 52 maintains an inner gap between the 1 st magnetic 
film 51. is prolonged behind ABS 43 and 44. and is combined with the 2nd magnetic film 52 in back Thereby, the thin 
film magnetic circuit involving the 1st magnetic film 51. 2nd magnetic film 52. and gap film 54 is completed. 
[0076] The coil film 53 is inserted between the 1st and 2nd magnetic films 51 and 52. and turns around the 
surroundings of a back bond part to a curied form. It has flowed through the both ends of the coil film 53 in the 
ejection electrodes 45 and 46 (refer to drawing^? ). The number of turns and number of layers of the coil film 53 
are arbitrary. The coil film 53 is laid under the interior of an insulator layer 55. 

[0077] The interior of the inner gap, between the 1st and 2nd magnetic films 51 and 52 is filled up with the insulator 
layer 55. The front face of an insulator layer 55 is, equipped with the 2nd magnetic film 52. An insulator layer 55 
consists of organic insulation resin film or ceramic film. The example of representation of the ceramic film is 
20aluminum3 film or Si02 film, the ceramic film constitutes an insulator layer 55, since the thermal expansion of 
an insulator layer 55 will become small as compared with the case where an organic compound insulator is used, a 
result good for reducing the amount of the maximum protrusions is obtained 

[0078] In the protective coat 56. the protective coat 56 has covered the write-in whole component 5. By this, the 
write-in whole component 5 will be protected by the protective coat 56. The protective coat 56 consists of 
inorganic insulating materials of aluminum 203 or Si02 grade, 

[0079] The reading component 6 consists of TMR components concerning this invention. This reading component 6 
is arranged inside the insulator layer 63 between the 1st shielding film 61 and the 2nd shielding film 63. The insulator 
layer 63 is constituted by the alumina etc. The reading component 6 is connected to the ejection electrodes 47 and 
48 which flow on the 1 st shielding film 61 and the 2nd shielding film 62 (refer to drawing 37 ). 
[0080] Drawing 39 is the expanded sectional view of the thin film magnetic head for vertical recording. In the 
illustrated thin film magnetic head for vertical recording, the 2nd magnetic film 52 contains the main pole 525 and 
the auxiliary magnetic pole 526. The main pole 525 constitutes the perpendicular write-in pole section, and the 
auxiliary magnetic pole 526 combines magnetically the main pole 525 and the 1st magnetic film 51. The 1st magnetic 
film 51 constitutes the return magnetic path of the magnetic flux produced fr-om the main pole 525. The coil film 53 
is wound around the surroundings of the main pole 525 and the auxiliary magnetic pole 526. Since it is substantially 
the same, explanation is abbreviated to the thin film magnetic head for the record within a field which showed other 
structures to drawing 37 . Since the description of magnetic recording using the thin film magnetic head for vertical 
recording magnetizes the magnetic-recording film of a magnetic disk in the direction which becomes perpendicular 
to a film surface and performs magnetic recording, it is that very high recording density is realizable. 
[0081] The front view showing some magnetic— head equipments which drawing 40 requires for this invention, and 
drawing 41 are the bottom views of the magnetic-head equipment shown in drawing 40 . Magnetic-head equipment 
contains the thin film magnetic head 8 and the head means for supporting 7. The thin film magnetic head 8 is the 
thin film magnetic head concerning this invention explained with reference to drawing 37 -39. 

[0082] The head means for supporting 7 have structure which attached the flexible body 71 which similariy becomes 
with a metallic thin plate in the free end in the end of the longitudinal direction of the base material 73 which 
becomes with a metallic thin plate, and attached the thin film magnetic head 8 in the inferior surface of tongue of 
this flexible body 71. 

[0083] A flexible body 71 has two outside frame parts 75 and 76 which carry out abbreviation parallel with the 
longitudinal direction axis of a base material 73. and are extended, the transversal frame 74 which connects the 
outside frame parts 75 and 76 in the edge distant fi^om the base material 73, and the ligula 72 which has been 
prolonged so that abbreviation parallel may be carried out fr-om the abbreviation center section of the transversal 



http:/ / www4.ipdljpo.go.jp/cgi-bin/tran_web_cgi_eije 



2004/03/29 



-rH\SPAS£ BLANK 



8/8 ^— V 



frame 74 at the outside frame parts 75 and 76, and used the tip as the free end 

[0084] The projection 77 for loads of the shape of a semi-sphere of a ligula 72 which upheaved from the base 
material 73 in the center section mostly is formed. The load force is told from the free end of a base material 73 by 
this projection 77 for loads to a ligula 72. 

[0085] The thin film magnetic head 8 is attached in the inferior surface of tongue of a ligula 72 with means, such as 
adhesion. The thin film magnetic head 8 is attached in the ligula 72 so that an airstream appearance side edge side 
may become in the direction of a transversal frame 74. The head means for supporting 7 applicable to this invention 
are not restricted to the above-mentioned example. 

[0086] Drawing 42 is drawing showing typically the configuration of the magnetic disk drive concerning this invention. 
The illustrated magnetic disk drive contains magnetic-head equipment 9 and a magnetic disk 10. Magnetic-head 
equipment 9 is illustrated to drawing 40 and 41. The end of the head means for supporting 7 is supported by the 
pointing device 1 1 . and magnetic-head equipment 9 is driven. The thin film magnetic head 8 of magnetic-head 
equipment is supported by the head means for supporting 7, and it is arranged so that it may counter with the 
magnetic-recording side of a magnetic disk 1 0. 

[0087] If the rotation drive of the magnetic disk 10 is carried out in the direction of an arrow head Al by the driving 
gear which is not illustrated, the thin film magnetic head 8 will surface from the field of a magnetic disk 1 0 by the 
minute flying height. By the positioning device 1 1 which carries out the rotation drive of the head means for 
supporting 7. the thin film magnetic head 8 which the magnetic disk drive illustrated by drawing 42 is a drive method 
called a rotary . actuator method, and was attached in the point of the head means for supporting 7 is driven in the 
directions b1 or b2 of a path of a magnetic disk 10. and is positioned in the predetermined truck location on a 
magnetic disk 1 0. And magnetic recording by the write-in component 5 and reading actuation by the reading 
component 6 which has a TMR component are performed on a predetermined truck. 

[0088] As mentioned above, although the contents of this invention were concretely explained with reference to the 
desirable example, it is obvious that various deformation modes can be taken based on the fundamental technical 
thought of this invention and instruction if it is this contractor. 
[0089] 

[Effect of the Invention] According to this invention, the following effectiveness can be acquired as stated above. 

(a) A TMR component applicable to super-high density record, the thin film magnetic head, magnetic-head 
equipment, and a magnetic disk drive can be offered. 

(b) The TMR component which has the highly precise reading width of recording track, the thin film magnetic head, 
magneticHiead equipment, and a magnetic disk drive can be offered. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
danages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing one example of the TMR component concerning this invention. 
[Drawing 2] It is the expanded sectional view of the TMR component shown in drawing 1 . 
[Drawing 3] It is the sectional view which met three to 3 line of drawing 2 . 

[Drawing 4] It is the perspective view showing another example of the TMR component concerning this invention. 
[Drawing 5] It is the expanded sectional view of the TMR component shown in drawing 4 . 
[Drawing 6] It is the sectional view which met six to 6 line of drawing 5 . 

[Drawing 7] It is the perspective view showing another example of the TMR component concerning this invention. 
[ Drawing 8] It is the sectional view which met eight to 8 line of drawing 7 . 

[Drawing 9] It is the perspective view showing another example of the TMR component concerning this invention. 
[Drawing 10] It is the sectional view which met ten to 10 line of drawing 9 . 

[Drawing 11] It is drawing showing the process included in the manufacture approach of the TMR component 
illustrated to drawing 1 -3. 

[ Drawin g 12] It is the sectional view vyhich met 1 2 to 12 line of drawing 11 . 

[Drawing 1 3] They are drawing 11 and drawing showing the process after the process shown in 12, 
[ Drawing 14] It is the sectional view which met 14 to 14 line of dr awin g 13 . 

[Drawing 15] They are drawing 13 and the sectional view showing tte process after the process shown in 14. 
[Drawing 1 6] It is drawing showing the process after the process shown in drawing 15 . 
[Drawing 1 7] ft is the sectional view which met 17 to 1 7 fine of drawing 16 . 

[Drawing 18] They are drawing 16 and drawing showing the process after the process shown in 1 7. 
[Drawing 1 9] It is the sectional view which met 19 to 19 line of drawing 18 . 

[Drawing 20] They are drawing 18 arKl drawing showing the process after the process shown in 1 9. 
[Drawing 21 ] It is the sectional view which met 21 to 21 line of drawing 2 0 . 

[Drawing 22] They are drawing 20 and drawing showing the process after the process shown in 21 . 
[P.rawmg_23] It is the sectional view which met 23 to 23 line of d rawi ng 22 . 

[Drawing 24] They are drawing 22 and drawing showing the process after the process shown in 23. 
[Drawing 25] It is the sectional view which met 25 to 25 line of drawing 24 . 

[Drawing 26] They are drawing 24 and drawing showing the process after the process shown in 25. 
[Drawing 27] It is the sectional view which met 27 to 27 line of drawing 26 . 

[Drawing 28] It is drawing showing the process included in the manufacture approach of drawing 7 and the TMR 
component illustrated to 8. 

[Drawing 29] It is the sectional view which met 29 to 29 line of drawing 28 , 

[Drawing 30] They are drawing 28 and drawing showing the process after the process of 29. 

[Drawing 31] It is the sectional view which met 31 to 31 line of drawing 30 . 

[Drawing 32] They are drawing 30 and drawing showing the process after the process shown in 31. 
[Drawing 33] It is the sectional view which met 33 to 33 line of drawing 32 . 
[Drawing 34] It is drawing showing drawing 32 and the pattern pass the process of 33. 
[Drawing 35] It is the sectional view which met 35 to 35 line of drawing 34 . 
[Drawing 3 6] It is the sectional view which met 36 to 36 line of drawing 34 . 

[Drawing 37] the TMR component concerning this invention — reading — as a component — using — an induction 
type — electromagnetism — perspective view **** of the thin film magnetic head for the record within a field 
which wrote in the sensing element and was used as a component. 

[Drawing 38] It is the expanded sectional view of the thin film magnetic head shown in drawing 37 . 

[Drawing 39] It is the expanded sectional view of the thin film magnetic head for vertical recording which read the 

TMR component concerning this invention and was used as a component. 

[Dr aw ing 40] It is the front view showing some magnetic-head equipments concerning this invention. 

[Drawing 41] It is the front view showing some magnetic-head equipments concerning this invention. 

[Drawing 42] It is drawing showing typically the configuration of the magnetic disk drive concerning this invention. 

[Description of Notations] 

I Ferromagnetic Tunnel Effect Film 

I I Tunnel Barrier Layer 
12 Free Layer 
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13 Pinned Layer 

21 Bias Field Induction Layer 

22 Flux Guide Layer 
221 Flux Probe Section 



[Translation done.] 
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^mizm-^^n, -m^yy -jCfx-:fu--:/^2 2 i & 

«J5KTS, 7 7 y X y D— ygs 2 2 1 tt-?-<D*i*V\*'f 
S2 l*^^5gmLTI/i-&. 
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2 <-y 



A-f 7X^^©;^f6l<t3£M-r^cfc^tCUT. WKA*-rZ 
L. Baie:7^-;/^'X7^n-ygB(i^®itB*tWtEA''f TX 

yj-m. wffih>^>ii/A-uTg&afB9i5t;>K^©)e 
wie/N'-fTxiKif-si^Htt. mnyu-mtzmmvxis 

0. 

BiJlB7^>y^?X;tf-f KStt, WsBA-'f TX1^|^^^«(0 
WtBA'-f Txa^il«Stt> A*^^ TXH^^Wi^m VX 

«ria/t^Tx^^^g!ttWBBA*'f7x«»si#« 

^. 

[fflf*« 6 } 5 h >^;n»^sta 



immmi} m^mi7b^&<Dmni)^\zWsSL^ixfzh 
y:^)vm.mMirm^m^x&'ox, 
stc, t!>ifcJ6^*#^^. *atatf>±«6Htt. HatBe> 

h y^)vm^m^mm-)3^\z^ts^ o ic^tisiiees 
ti. mriB^ai* h y^iv^^mznm.mzm^^nxxi^ 

\.mi^^ 1 0 ] < t 1 t3®^i9-tii Ls^^ *-&ty 

tzvy^)\^mm}mmmmTxis.^nmmm.^v h. 

1 1 1 1 0 tcE«$nfc»KfiSSL'\-y 

Mtl. < <t 1 •3<Z>|?#ii**T&-&ti|»WJKa'\ 

\mim. 1 2 1 mm. 1 1 tcs«^nfc»Misa'\ 

YXtbr>X. 

WIB^ 1 ®«8ft)KR?/Sfriam2 ©fisiiistt. ^n^tim 

-^■Am$i=¥v'yymzjz-DxmxiE>n, m^ii.^^- 
)v^^m^[^xi,^^mmmn^-y k. 

1 3 ] m^l^m 1 1 tCfB«$nfc:»R^a'\ 
BaiBtti&affitt, HiilB^JSSSt^WIBM 1 

m.m\zm'^vx\,^^mmm^^y h. 
«rgB»ffi[«»^ .y H«. m^m i o tis i a oMti^^tc 

m^^-y \^mmo 
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MISS, &zf, n±i:nomm.y''f 
imMm 1 6 ] ^mft h >^)m^<Dmm:»mx'$> 

oT. 

H9ffi yj-rnt mta f > k s i tc j: o T«stiTi5 o . 

b3IB 'J <t If > H B i: (C i o Tt* $ nx *5 0 . 

0. 

[0 00 1] 
[0 0 0 2] 

[t«*<Ofife$B] A-HT^-fXi' (HDD) fiDiiJ^SflilC 

<fi^e*iMmiz&WLxmfr^m^imz>. cw^^o 

[0 0 0 3] TMR^^JC^tiTtt. 12%«±05«ta 



i^TMR^^ti. xe>A*;uyiK (Spin Valve^. UtT 

MR!^{4$:g:*:fE<fe;6^1t^iT«i^'\-y K«litCD||^*«^ 

[0 0 0 4] TMRm^'&m^^y K^jitCiejffl 
3fe«i<ltt. U. S.P. 5. 729.410. U. S. P. 5. 898. 547. U. S. P. 5. 
898.548, 0. S.P. 5. 901. 018ii5:t*{cS;i6$tlTV^-S. vltl 

m&m§stizM-t^TURm^^'y \^(Dm^^mt. <ko 
mmfsi%<Dii:/3iO. ^mz%m\^xmmm-c$>^TMR 

[0 0 0 5] m^iti. TMRm^^mmm^^y h©^ 

TMR^it^aSgLfc (i^S¥l 1-1 8 8472 

)i'^Mmizmimm^itrzm&ikm(D9ci^^^. -y^v 
^:^ya-'y^tLx. mmmizmttiVT$>?>, y^-y 

[0 0 0 6] y^-yi'7.-:fa-zf^^m^T^rctf>izfi 

[00 0 7] hZ.^^^. h >^;l'556IIK«^gPlC 

/\-\'-7if^'y h^^mfik^'&^ii. mzm^ftmm^ 

[0 0 0 8] sfc. ^ma h >^)i'^^moy±^^mi^ 
y-m^mmzmm-^ittzm^izit. ^m^mfs\>^3-h 

[0 0 0 91 :i©J;^/.{:^)l*liIjBT-&^©<!:UT. * 
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-1 7 1 8 6 9^) . 

[0 0 10] iiii^-c. mm<omms.mzf\^^\ ^'r-i 

<XWi.^ts.\,\, ^J^tf. 4 OGbspiCDtegbSftCiSJit: 
S-a:.5fc«&{CH, TMR^^tiO. 4X0. 4 (/x 
m2) i^^<r)^'iX\z^-rim'\^\^1s.<X\tfs.h1i.^'^, z. 

[00 1 1] ^fetcM^^nfCct^fC. 

<0S^ h- ^ 5 i7 X :/D— :/^«)*n?ft^$ 

[0 0 12] ;i©<k-5;5:KM^&@igT-5fc«)(Cfi. EB 
[0 0 131 »tjettg^&. T<ftTftt;fe<. TMR 

[0 0 14] 

>y HSS&ntfisaT^-^ X i7 SSSrSttr -5 ei t 
[0 0 151 *5!?gcDt)^— 1?<0^«. iSfilSOK* 

[0 0 161 

[0 0 17] Bifia^att h >^;i'?i«^tt. h>:|^jWA* 

U 7 H*^*ft 12 7 >J t ME If > H H t tc ck o Tl* 

[0 0 18] mmn^77M^mmm\x^ ssta^u-i 



[0 0 19] HiJl27 5-yi/X:y'r H^tt. HfrfBA''rTX 
T. ffitlBA'-f 7XfiS#°^^«<i:«S$n-5i:tfc{c:. m 
-ySP?&«l^£L.. HfrBBX^-y^J'Xyo-:^gS«-^tDti75« 

[0 0 2 0] 2^^0^{C^^TMRSg^«, XU-e/h 

>\im<om<r)mitoymMMm\z^WLxmfr^ (tm 

[00 2 1] 2^5gfHfC»-5TMRKl^«. A< rXfiSIf^ 

^#g^^tj. /\'-rTxisif««Bti. mriexu-gtc 

A'-f TXffiS#*81ttl-r^. X'J-^tC:fett 
-5/\VPi/A>:;-if>-y-f XS:^56b> ^SKcD^mW^^ 
»S;:<i:*«T?^-5. A'fTXflBEim^gtt. fi^*|6l-C 

oTt-^-So S^oT. A-f TX«Sm^g®iti:5lRl®PI3S 

TX#-^^©^}g^-r-5^<i:*^T?^^o Z.(Dfz^. A-f 
TXM#^a(C J: -53ifiS148i^1-> 3 - h ^SrlHliS-r S 

[0 0 2 2] MC, *^?g{C:«RSTMR3g^tt, Xx<y 
^7.ii^ \^m^^ts, X^-yi7X:tf-f HUtt, x'J-^ 
fcmawtci^^^n. -J?g*^'X^-yi'X::^a--/gS«r^ 

ccox7-yi7X:/p->'mi/'N*-r7XiS^^^ 

gC*^^»A$n. X5-;'XX;*f'f KH^ii-pT. XU- 
*5t.iT, XX5/i'X:/P-:/g5S:W?iEBtCffiB$l3:. IS 
Sf -5;^<t7&t-t?^'5, '<Dfc«6. WSJnX^, t>L<{4 

[0 0 2 3] Xx-yi'XT'P— A'-f 
7Xm#^^g©A*-r TXfiS^w:^F6lT^fc*i<J: 0 

<, A'-fTxfis^iJi^s^^es^tiibTv^^d^e., 
^ h X .y ^*attx ^ >y i^xyp-':/^®<ixyi5S$ns 
[0 0 2 4] u*^t). y^yi^T^u^ Ym^t.. n-irT. 
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[0 0 2 5] y^yi^T.^'l KStt. A'-fTX^^^^ 

[0 0 2 6] ^(i£«Jlfi«l(C*5t,iT. ^l814N>^;U5«ft* 
[0 02 7] h >^;i'3a^*«, 7 U -®. h > 

[0 0 2 8] ^att h >4^;P3a*M*^\ e> KB. h > 
A*-fTXlS#^#Bi&7'J-BtC^g$-B-. 7^ 

[0 0 2 9] f^-i77Mm-mmm\t.. n-^rxn^^wt 

*WLT*3D. A*-r TXf+#^g«. A*-fTXe#^# 

«ia5t®KfCX'<-XS:*t--5. vl(D«jftlcJ:tl«, ^ 
®ttieia>'3-h. ROC, «dKlHlDi^**lHli8-C#-5. 

>'N*'rTx^©«. ^^m.^un. Km&.'&u^t. 
[0 0 3 0] ifc. mmihy^)vm^\z 

V^fea^'V-y HSg&C«i8«.7^-<Xi/SglC-pl/iTfeM 

;^ j£ tc t iT 
[0 0 3 1] 

—"^m^m-t^^m. m 2 \tm 1 ic:^ufcTMR5!i^=^ 

«)l£;^»fi!0> S3«S2®3 — 3||tc}ttofe»r®0T 



[0 0 3 2] @^^?nfcTMRmT(i. ^^ttH>^;P 
ja^^lt. /\'<7'xa#S§#M2 1 7^-;/i?X^ 

< KB 2 2 1 *^tf. ^fistt h >-^;ug«im^ 1 tt> h > 

^;UA*UySllt. 7U— B12^:, e>KBl3<i: 
^■g-tJ» h>^;P/N'U7'B 1 1 (i. B12ttf> 
MSI 3 ttCctoTfilSinTtiS. 
[0033] 7 U -B 1 2 »±. »2^M{cea««T*-5 

fci*, a^. e>KBi 3<Dis{bSre>->y-r-5fc«e) 

rot">iti>e)B 1 4*J, e>KBl 3cDh>;^;P/'{>J7B 

[0 0 3 4] A'-f TXa#iJ|lSB2 Itt. 7U-B12 
(CA*'f TXK^&aiJn-r-SfeW-C^oT. A'fTXffifiL 

F 1 <r>-i5wr:mimt,mm.'(^ v y^mh^m \<r>m,^K) 

h±^<fji-:>X\^^^, A'-f 7'XfiS#^^S2 Itt, /N'-r 
TX¥^©2 3. 2 4?£#-rS. A'-f7X(*^^S2 3, 
2 4{CJ;0. A'-f TX1KI?-SI«»2 l^^UT. 7U- 
B 1 20A*-rTXfiSlf-*iEnM$n-5o AWTX^g2 
3, 2 4«. K^flS:^;^^, S^lStt«s^, 
JSttB < <!: t>-B«^fi8ttB ia)«B{*:*^ 

[0 0 3 5] •7 5^-yi'X;*f'r KB2 2tt. /N'-fTXfiSI?- 
^iiiB2 lOA'-rZXfiSlfCD^riajF It. e«iiL32-r-5 
J:'5fCUT. A*-<TXeifgi9»B2 lt«B^nTt» 

So :7 9-yi'X:tf-i- KB2 2tt. M(c. 7'J-Bi2f:: 
fiSmWfC^^^n, -)^*tX9-y^'X:/D--^gE2 2 1 

Txmn^mmm 2 1 ©♦ij; *)hm<. rxm^mm 

B2 1 A^6.?§mbTV^S. 

[0 0 3 6] m^mmmizm^x. ^m^h>^)im^ 

HBl 3(D)B{C«S$nTUS. 7^-yi7X5!f-1- HB2 

2«. /N*-fTxfisi?-si^B2 1 (o±izm.mizmm^nx 

^lSStth>:^^;i'X6*^l©7U-Bl 2tt. 77 

[0 0 3 7] *^^(C«^-5TMR^^«. 7'J— B12 
/h>^;l'A*«J7Bl l/b!>KBl 3i:t»7^Bfi|ja 

;W\*'JTS1 1 SrS5iJ7U— Bl 2 te>KBl 3 t<D 
PBltc«dft^atL;t»^. h>^;i'A*UTBi i^sSns 
h >^;u«dS*^ 7 U -S 1 2 ScO:e> KB 1 3 ©PbI© 

ftco^ipittH^T*^*^ 7 U -B 1 2 ©fiaKt:®;&iai 
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[0 0 3 8] TMR^^^tt. /uT7.m^mmm2 1^ 
A'-f Txm^mmm 2 i »c jt o . 7 u 1 2 tc 

Cltd^-C^^, A'-f TX«#g|2g®2 1«, A'-fTXfiS 

#«;&i^F 1 T^itisjji^att K >^)m^km 1 ©igj; 

Ofe;*C#<;5:oTU»i.*»e.. A*'fTX«#»#g2 IW 

G5rBiTT. .'t-f TXf^^^g 2 3 . 2 4 StJ^J^-T-S CI 
dCOfcJi. A-f 7Xf*#^®2 3, 2 4{C 

[0 0 3 9] MfC, *%H^{C^-5TMR*i^«. 
i/7.^-< [^m 2 2 ^t;ts. yyv^XU^ Ym2 2n.. 
y')—mi2 izmumzi^^^ti. ^<D-^ifiy "y-j^ 

xyD-ygi52 2 1 €:1#fig-rSo ClCD^^ y^'XT'P- 

■5, il-SBflS^fl, 7^-yi7XXP-:/g62 2 l*^e)#A 
>'7yi^X:*;-f Kg2 2<£ffloT, 7'J-ei2 

tiT> 7^ yi/x:;'"a— XgS2 2 1 ^^OT^EPS 1 (0 
3#^) fCfitg^-Br. ^fiSii h^^/l'^m^ltt. 
® P S 1 *^e5lt>iiA>A5fi:B{ceB-rsct*«T?#S. 

h >^;u/'{ U 1 1 3 — KAS^^f 

[0 0 4 a) 7^y5'X:/a— :/|82 2 Itt, -?^®*gL 
f*t, A'fTXm#^^P2 l©i|SLmJ:Ofe!0^<, A* 

'N-y HOf?^h^yi7^B{±77 yi^X7'P-::^gg 

2 2 1 <D*iL f T9i^$n^^/hfii(cs^-e^-5, 

[0 0 4 1] L*^t). 7^>y;7X:tf'f H^2 2tt, AW 
v^T.ii'i h*«2 2tt, A''f7XJiS^il^^2 1 t.\m 

©j^^yp-trx{cj;oT, jgEe-rs;ri:755-r^-5. 7^ 

:y ^ X;tf -f 2 2 /\*-f TXfiSl^ail^^ 2 1 (D A*^ 
TXlK^<D*[fiIF 1 t3gML/T*30, -«*t7^-y^X 
-/p-:/gP2 2 1 tJe-pT. 7^ v^X 

;*f'f KS2 2d^, ^©3SgPtC:fel'iT, A^^^Ufci^^ 

i^Sr, 77'yi7X:/P-r''gB2 2 lil/Tfilfflf ^Ct 
Ifi-xi^^^ ClcDfca?), igSf»««K*ltO ^7•y^"l®5&=fi^ 
■r-5TMRS^^?£^§^ Cli:*ttr#-5. 
[0 0 4 2] ^®tth>^Jl/^*lKl«)ifiLptt, X7 
•;/i7X7'P— :/g|52 2 1 (D*iL f <i:^bl>d>*-5l/itt:*: 
€<, A'f 7X1K#^JSS2 l<^>*iLmJ:Ot)/h 

^?<^^^5nTt>'5. /X'-f TXai^^#B2 ICDiULm 
tt, 0. 5~4«mea!, 77':yi'X7'P-:/gC2 2 1 
0*iLftt. 0. l~2Mmigfti:3*X5. 



6 A'-/ 



[0 0 4 3] 7^ >'^'X;^'r Hg2 2ro||ff^ 

Htt, 0. 0 1~0. 3wm, $?SL-<(i, 0. 0 1~ 
0. 2Mm, 3e.fCjrFSKW. 0. 0 1~0. 1 Mm 
tw^Jfe^n*. c:<DHfflttlSO?S:< Otjati**i<kl^> 

tttt. 0. 0 1 MmeS<i:-rs<0!&iJ;l,>. — ^r. ::c[)H 
fit*?. 0. SMm^-SA^t. m:'7*^<£TLfcO. ti::^ 
iPlCDA'-f TXa#-7>iT5K5^<i:J^j: 0 A';l/i7At>-fe->y ^ X 

[0044] Sfi^tt h >^)l'mmm 1 ««B;^iajO±T 

tctt. -?*com®2 5. 2 6^m\^Mm^nxi^^o ' 

2 5, 2 6 tJ; 0 ^j^tt h >^;P3j!lS^ 1 

fc-tr >x«sit*<ttii8&;sn^. $ 6. e ^-en^tiffi 

5 J: ^ ir-jfc*<DlK^>^-;P KB 2 7 , 2 8 *i?*iaigass 

[0 0 4 5] /U7Xm^mmB2 IK. 
^©2 3. 2 4{Cj;oT, ♦s:;&lRHCA*-f 7Xa»*i91ftI 

Sn^.t^fO^-pTtri'S.. A*-f TXfl5#^#B2 1<D4S 
Lmtt. ti>HBl 3®i|BLpd:0fe;^^<^^^tlT 

[0 0 4 6] ^iiHGtt> TMR^itm^mnmiz&T-^ 

^PSG«> 0. 0 2MmK±. 0. 0 

2 MmJ!^/.±0. 3 MmJEtTCDiBffl. ^efCHO. 0 2m 

[0 0 4 7] PB^PgGCDfii*^', 0. 0 2jt/m*^i7i-5 
TMR^ffc^*^ig;T-r2.Mf6){Cib-5. dW— 
C©Gfii*t:^^<;^OJi€fT> 0. 3Atm<£®;^^i:. 

[0 0 4 8] Sfd. *:^Bjt'*5ttS7'J-Bl 2 0®$ 
tt, IttCK^^tli^ti^i, 2~5nm. iif*L<H, 4 
~3nm, ctr)»*Kt46~2nm©ttHfC^^t-S 
©Ti^ctVi. 2 nm*^<i:;^Si:. AWTX 

e#^#B 2 1 (Dm:^}^0)mi^m^+^if3.:k^^t-r^ 

nmS:iBx.-5t. 7 U— B 1 2 |^gR(D!tttt©«e-3^tC 
J:0. ^TXbr>^J-@^<D^i-t!c*^*C. ^m6«J(CTMR 
^fk^i0^iaii> UT L S 3 <i: 5 ^iP^jJ*^ D ^. 

[0 0 4 9] 7>J-B1 2^t>HBl 3^iPJ«-r*« 
KH, ^t>TMR^ft:$*t»6nsJ:5tciiSXtf>iJ-ffi 
^IsfdW* L < > Fe. Co. N i. FeCo. NiFe. CoZrNb. 

FeCoNii?7i*fflVi6.ns. Z.tXiE>\i2m&.±(Omm#--^$> 
oTt><J;0». 7'J-Bl2<Dl^tt, t(r^bfcJ:5fc2 
~5nm. »SKtt6~2 nmt$n-5. IKW*W< 
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fsiOt^^t. ihtiAmTr^m\^i^^n . sfc. mm 

Sl3«^tt. l~10nm, »SL<tt2~5nm 

[0 0 5 0] f>Ksi 3©aft«-e>jfci&-r-5e>± 
5. m^^t, 6 o~5 nmes-tsns, 

[0 0 5 1] h>^;UA*'JTSl Itt. Al203.NiaGda 
MgO. TazOs. Mo02> TiOa. W02^A^ h >;^J|/ 

0. 5~2 nmeSi$n-5. 
[0 0 5 2] *^BJtC*5t^T. :7U-^12<£. ««JA 
«. NiFeg (m^2nm) /RuH (Jp^O. 7nm) 
/WiFem (i¥$2. 5nm) W 3 )ia^«:T0i|^$n.5 
^j5£7jc'JjK5 (synthetic ferrimagnet) iT^Ci 

Fe^:feJ:C«liFejiWfi8fb:«ri6]tt-5-n^n. StWc2»*|6l 

yO-mi 2(DIP$<£:»<^S-r^C:tdtT^-5fciii). 

3{CfcMfflT^-5. 

[0 0 5 3] Sfcv iiecDllliSroj^^fCiiViT. /N'-fT 
2 3. 2 4 «. 7 U — S 1 2 ®paSaP®±flI 

[0 0 5 4] 04tt*%HJ(C«g-5TMR^^©SiJ«^J6 
«»l«^Ti^«0. 0 5«04{C55LfcTMRJg^®l£:^ 

>^;p/\*'j7ei isaftf>Kei 3<^mtzmm^nx 

7 5>>5^X:tf'f K^2 2tt, 7'J-@1 2<i:(g^ 
tC}gf£$nT^»S, 7^yi7X;*/'f H^2 2H. — 

g 1 2 iRflcT^SiOt. /N'-f T7.m^mmm 2 1 tttgij 

[0 0 5 5] H7tt*5SMfC«RSTMR^^=^<DSiJ«)||Jg 
1 3 . K >^)Vn U 7@ 1 1 «j -® 1 2 ©IBJca 



mvtzmi&^^-r^, n'iTxmwmmm2 l\,t.y^}— 
^mmm2 i<D±izmm^tixi,^^. 
B2 2tt. /^■iT7.m^mmm2 1 t«gijgT*-5. 

[0 0 5 6] m9 i:i.:$i^mzm^TMRmirO)%mmm 

m^^Tmmm. 01 oti09«i 0-1 o^tc^Qofc 
:i(ommmx'i:ii. ^mfkh>^}um^mn±. f 

>K^13. K>^;l/>'\*'J7® 1 1SC^>"J— SI 2C0 

m\zmmvitmm^^T^. /•<^Yxm^mmm2 1 
u-c KS2 2tt. yx'-f 7'x«^^^e2 1 mmmx^ 

[0 0 5 7] 1~2 3*#P,l,. 01~3tC 

XfiS^S|l$^2 l&U^7->^^'X:^'f K®2 2®^jgi: 

[0 0 5 8] s-r, 01 1, 1 2izmm-r^^yiz. -> 

->»H<M2 7©±{C«^Lfc«S@2 5<OJi{C. A-fT 

xjK^^^g 2 1 sj^mt-^.. ->-;i/ KB 2 7 Rifmrn 

[0059] 013. 1 4tc0^-r'5J;-5fc, 

Ty.m^mmm2 i(D±izy^y^x:fj^ h'e2 2*^ 

m-r^. ±mLrcJ:viz. M^lt. 4 OCb s p i 0312 

mms^\zm^y^■^ir^tcllb^z^t. ^m^h>^)mw:mi,^ 

O. 4X0. 4 (umZ) eaf(Dli-'fX{c^-e«g/M,;5: 

<XitfS.<btS.^K y^y^7.:»'f \im2 2h. ±mVfz 

1 3lC0*-r-5J:p{C, 7^ .y5'X:«f'f Kg2 2 05^^8 

\ZA^^±C^, 

[0 0 6 0] S 1 5 ics^r J; p (c. n-iTTsMn 

mmm2 1RXfy^yi^7,:fJ-<\im2 2<D±tZ. 7U- 

mtfji^^miimi 2. hy^jwi'jymiz/Si^itmm 
<^<D^mi 1-^1 4<Dmmizmtz-DXit. &gii~i 

[0 0 6 1] mz. m 1 6 iz^-r^oiz. ^fistts 1 3 
©Affile ui^x hfii 1 0 0 ^. m^(D/'^^—>xj^0Scrr 
u>?x h^i 0 oti. A'-f 7xa#gi^a2 1 i7 

yyi^XiS^ ¥m2 2i:i!fimy3:^^m^^. y^y^T, 
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CO 0 6 2] -^LT. SI 7(C^-rJ;^»C, \^i>Xhm 
1 0 0fC<fc-:5T®#3nTli/j;l.igK»*. -f^>5'J>y 

>i&*bTti5o 018. IQlC^Tcfc^tC, y^y{7 
7.1i-< 2 2 (0±(C. ^fiStt® 1 2 . 1 1 SCiC 

l/v'X h^l 0 Oittt^[^i;/t^->i:;a:^, 
[0 0 6 3] J):fC. U-v'X 1 0 0 tr^ftlCO^^JCfie 

io«. m^^t. n-^T7.m.^mm-m2 i<Dm^<DK^ 

TS. -^-UT. 02 itc:s^-rJ:-5fr. ^:^>^*}>if^ 
©^IgtCjroT. I/v'Xh^l 1 0{-J:oTM^nTti 
;S:l,V\--rTX«8#SI«^2 1 Oji^S«3tL^'».<&«OJfc$fej^ 
SK. 7^>;/i'X:/D-:/K2 2©3tL*-^&#0:fc5fc 

[0 0 6 41 02 2. 2 3tt±i^Lfe5 U>i^ro^. 1^ 
vXhl^l 1 0«I^*Lfc^<E>*t!i*^-r. 0^T-5cfc 

■5tcni5'-->^^$ns. ^fc. :7^>;^^^X?9'f K^2 

tc-tm\z^^. 

[0 0 6 5]^^('. 02 4fC^-r=t3(C. ^®i4h>^ 
hl^l2 0*}^^L. 02 5{C^-rj:5{C. -f:t>5U 

1 ^m^t^mm^m 1 3 . > ^^^^i^a- «j t 
m 1 1 si^ssttg 1 2 srs u >ff-r^> z.ti\z^ 0 , 

02 6. 2 TtC^TJcpfC. ^)fe©^j£T-5gfflf -57 7 
5/^'Xyp-:/«2 2 1 S:*-r5 7^-y^'X;<f-f HP2 
2iOJ^^n€>. 04~6{C0^LfcTMR*^fe. |^«| 

[0 0 6 6] 02 8~3 5^#figbT. 07, 8 

\zm^vr^TURm=f-(Dmi^^m\z'D^-^xwmT^, s 

•r. 02 8. 2 9{C05^-rSJ;3{C. >'-;PHa2 7CD 
±fC«JlUfcflffiW2 5©±{C, 7'J— «ti&S3U58tt 

Ml 2. hy^)vn^)Tmtfs.^m^mi imf^\f.>\^ 

m2 i^^mr^o i^-)vvm2 7. m.mm2 5. mm 
ttHi 2. nmmi immm^mi 3©mh«. -t^ 

^'•j^7.^<D^m^iim.m\z^-Dxmt>rLX\^^^, wi\z 
m^tz^ r> mm. h >^;i/^*K 1 ^^^t^^m 

1 1 ~ 1 4 OfifegglcSfcoTtS. g-S 1 1 ~ 1 4 <0^K 



[0067]:;*:. 030. 3i lc0^T-5 J; 5 fc. /x'^f 

TXiKlfi§Jill2 lC7)±{3X^-;/^X;y-< 2 i^fig 

±j*L.;5:J;^fc. 0tj^«. 4 0 Gbsp i WtagtS 

4X0. 4 (Mm«) effi©-9-fXtcST?aS/M.7S:<T 

«i&675:tio 7^-yi'X;^'r KS2 2t). ±K!?bfc-tf--l' 
x*{c^#;£:Lfc^iB/i5'— z.<r>^ofmmn^ 
7* h'jyy^^-rS^s-ej^^-r-si. 030 
tc:0^-r-5J:^Jc. :7 7>vi'X;«/'f K^2 2©AgBtA 

[00 6 8]^!*:{C. 0 3 2 tC:^-r J; 5 tC. Uv'XhlSl 
3 0$:. R)f«(©/t^'->'rjg^-rS. l/i?X hl^l 3 0 
fi. m^Jd.. 7'xmi?-^^B2 lOTiS|38©A*-^« 
t;^;t5tiSgg|5. Rot. :7^-yi'xyp->^^2 2(0^.;?*.<£ 

-e-bT. 03 StC^-Tcfc^J', 'r:t>5 U >i/^^© 
^gtCi;oT. Uv'XhKl 3 OJCcfcoTM;bnTO^;a: 
VVN*-f TX«8|?^#g 2 1 (Di^Sgg. . 7 7 -y X 

:?^a-::ne2 2®^,;^^^atfc5fe«g»&^^-r-5, ^ti 

J: 0 , *i®^L,fc/\'-f TTMmmmm 2 1 ^ 

'y^X;9'f HB2 2*t#^n^. 

[0 0 6 91 03 4~3 6ttJi^L&5U>^'W^. 1/ 
>^X ha 1 3 0 <£l^bT#&n&}^^*T. 
^i3{C. /N*-rTX«^l|#«2 Itt. PI««>3tL**» 

^2 2ro^i^^i^tKfcM«gBt>^^$n. ^^'yi'X:*; 
-f KS2 2S.o:-^(O±©^fiStth>^;P3«JmK0i|i*)^ 

7^>y^x:;''D-ys^g2 2 1 ^^t^y'y v^T.ii'i H 
P22*«»Sns. 09. 1 OC0STbfcTMR^^ 

l^8l©yn-trX{ct¥oTKigT^^o 

[0 0 7 0] 03 7(i±i$LfcTMRm^S:gg;?».aiL}^ 

Tffl 5/ h* CDi»ffi0. 0 3 8 tt 

03 7lc:^Rbfc»M^^^.y HOl£±^®0$:S5bTt,i 
-5. 0^©*MflS^'S-y K«. X^-f ^4(DJitc*5g?3 

« s T M R 3g^-e«i^ ;snfc^i^aiL'*^6Zit;$i# 
[0 0 7 11 x^-f ^^4tt. mm^mm\zv-)\^A 

1. 4 2?£r^rU. ;i'©«®)&tABS4 3. 4 4tb 
TfiJffl^nS. U— ;i^4 1. 4 2«2*:{C^6;iS:V^. 1 
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tC. «ii|x.«8~ 1 0 nme^OT^SrWT-SDLC^W 

^ffi*iABS4 3. 4 4t;fiS, X^'r:5^4(iAl203-Ti 
C^Tfj:-5»^4 1 OW^BfcAlzOs. Si02^«il®ii&» 

[0 0 7 2] S#iii5>JKi^5&o:^;^^05R^6tt. 

®«SR*tABS4 3. 4 4tjfi«bfcfi:glC3&-5, 

^ji:**^5JC«iK$tlfc5(DmLmS4 5, 4 
^*5(03ll?^6(Cg§l^Snfc®0aiUIIS4 7. 48** 

[0 0 7 3] S^iA:^*^5t4, ^^KO^^etC^tt" 
-5m2CDv-;PH^<&«*aTt»^lllWJSttlK5 1. ^ 
2(DlKttW5 2. H'fiUKSS. T;P5-^-|?-e?a:S:li-\' 

[0 0 7 4] mi©«tt^5 l»aC||2 0!)«ttK[5 2© 

— SSP (5fe^gP) 5 1 0. 5 2 0«^/hpi5».(i5=¥:-f -y-/ 
M5 4^£RiTTM[6)-r■5#-;^gP<^:75:oT:feO, >1*— ;W 
gp{Ct5tiT»#ja.*S:fTife3. BlB:Z/^2<Dfi5ttM5 
1, 5 2«, m^TafeoTfeiV^L. «Sl^igTf*o 
T*)<J;V^o ^l&t/^^2Wmtt^5 1. 52<75«SK{t 

5. JJ?-;pa5®«|jg{cHUTfe. yi'ilKD^/Mt:. 

d^j^^nxv^-s. *:^5gfr*3t,ixti, iinsTSsg^n 
fcHn©3}?--;wiS fcSffl x^ -5. ^ yi^ s 4 tt^ 

«tt^Mie*fctt7;P5:h^©*|«|iteigaigfCj:,3X«j5K 

[0 0 7 5] ^2(D18ttl^5 2tt. 4?— ;Ug5<OiB!ltCt5t> 
X. ^i'-y:f]K5 4<DStsFfT;4®tc*^LX. $>^f^m. 
X«i^LXS:^±*t5. ^2<D«ttlg5 2»4, MtC, ^ 
liOattMS 1 tCDrslfC'T >:*-- :i:^.y:7'S»oX, A 
BS4 3. AA(Dm.^\zmn. ^*{C:fetriX^ 2 (^^14 

2icife^^nxt>^. cti{cj:0> micofiStt^s 
1,^2 ©JSttlt 5 2 XZ^^-v -y 7^1^ 5 4 

[0 0 7 6] n-f^p^satt, w,i^zsm2<Dm^m^ 
1.52 wraitc^E* o ^mm^mz 

05. n-f^USS 3®PSSStt, «0mU«ffi4 5. 4 6 

i*i?Ktc«iS:$nxvi.5, 

[0 0 7 7] teigaes 5«^i&r;t^2©«ttiig5 1. 



5 2 wwo-f >:t— T'^Wf'ggSCjfeJMsnxiriS. 

mmm 5 5 cd^iS{c«m 2 o^mmS: 5 2 e,nxv^ 

i02l^X^^, ^«^5 5&-t7 5>y^^lg{ca:-:3X«fiK 

-r-5<t. *^jeai^^fflt^fc«^(cjt^Lx, fmms 

[0 0 7 8] «a)»5 6«. UWSkS &\±m^'TL3fm^ 

5W^<*:<£rS-5XUS, CtltCcfcO. ##ii^=*^i=^5 0 

nxt>-5o 

[0 0 7 9] K^^0^^^6«. *%B^fC^.5TMR^ 
^^X«lfi£$nxVi-5, ;i«M-9-^0m^6(a, ^lODv- 
— -/PHI^e 1 t. |g2®v'— ;i/HIK6 3iCDK{C*5ti 
X. *6»^6 3(Df»ggBJcEM5nxt,»-S„ *e^lK6 3f4 
7;i^5:»-^{CJ;oX«^$nxUi-5. M^5*-^0^^6t± 
m 1 ©v'-JP 6 1 IBlU^ 2 6 2 {C^® 

■r-5^0mU««4 7, 4 8fCgEigg$nxtiS (0 3 7 

[0 0 8 0] 03 9\i.mm.mstmmmmm.^-y \^(r>vu± 

»rM0X»S. 0^Stifciiieffi®ffl»mJKM'\y Htc 
:tet.iX, m2®«tt)K5 2fi> ^JBS5 2 5i:. MS&fiS 
ffi5 2 6 ■^:$:^^X^i-5. ±JSffi5 2 5 (aSiSe^i?,^ 
JJ^-^l^SB^Sr^fiKL, «B&affi5 2 6tti{Sffi5 2 5&Ot 
^ 1 OiSttlie 5 1 ^ 1 ©ffittig 5 

1 5 2 5;i^e,^i;fcfiS*OM0«K*fl!^-r 

■5. n-f ;P^5 3tt±m@5 2 SRyTffil&fflSSS 2 6CD 
^0{C#*mxt/i5. ffiCD«lj&«, 03 7(C^L75:gDrt 

tt^Bsr s „ mum^m nmmm.^ y\^^m^^ fca^ie 
iifs.^^^\zm.itvxm.%um^no(D-^. mtbx^^^ 

[0 0 8 1] 04 Ott^^B^jc^gJse^^-y HSgcO- 
g5*S^-riE®0. 04 1«04 OtC^LrcJK^'\>>' Kg 

H 8 tt0 3 7 ~ 3 9 *#Bg b Xltt?g U fc*^ W 5 » 
aiiS^'N-y KX*-5. 

[0 0 8 2] 'N-y K3^J^gM7«. ^JHit«x;a:-S3£it 
«^7 3(DS^:^i$io— «gfc*se*«g{c. i^u;<^jii» 
m.xfs.^'^mwT i^WL¥tn. ^0001^^7 icDTWtc 

iSIKam's-y H 8 *^#it;t«igt;^oX(.»-5. 
[0083] Br^7 1 tt. 3^Jtft^ 7 3 <DS^;5|Sj$fi^ 
tllS¥ffbX#(:K«2r)©*1.flll«sgP7 5. 7 6<t. 
^^^7 3*^6.^tXfcStC*5liX^1-(B!l#gP7 5. 7 6 ^ Sig 
■r 7 4 «fis 7 4 CDK^'^Sf*^ 6^ffl!lfi!=S5 7 
5.76 {cms^pfjt** J: tc:iSafX</»X5tSS?£ e ffiS® i 
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[0 0 8 4] S*^jt7 2(Dmi^^^\zn. ^mi*^7 3 
[0 0 8 5] 7 2 (7)Tffi{Cg?^am^^y K 8 

[0 0 8 6] m4 2{t:^^m\zmim^y'^7.^^m(o 

tr« mm-^^y K^g9 «04 0. 4 1 {C0^b}tt)<D-e 

SS7{Cci;oT3^}f 1 0(Dmmffi& 

[0 0 8 7] m^y^-^x^ 1 0^^. m^vfsii'^mm^m 
izjzo. ^AicD:^\^\zmwms^n^h. mmmm. 

^yl^Si^K {S/h^JiST?. mm^^X^ 1 0(Dmtf^^ 

0. ^y }^^mm 7 (fy^mzm o t>nr^mmm 

y H 8 li. '\ K^^e 7 =&©teKl!r"r^fi!Bft 
fi?)SHi UCckO. 0<^>@:«rfSjb i^>^ 

Jib 2 tc^K^n. SI^T^^ 1 0 ±c7)0r^cD 

m^7i^^m^5^zj:^mmnm. tmrm^ 

[0 0 8 8] |^±, iff^U(^^*iSM<^#RPXT:*:%K(0 

z^m^izmrsi^^x. mm^x&tijti. m^(om^wm^ 

[0 0 8 9] 

(a) mmm&tim^zmmx^^TURm^. mmmm 

(b) Mmm(Dm^Mr) h^y^m^^T^TURm 

[S®(Offim;ii«0j] 

[0 1 ]^ :^^m^z»^^TURmT<D-mmm^^r^m 

[02] 01JC^l^fcTMR^^ODt£:^Bf®0T*-5o 
[S3] a2<D3-3^{C»ofc»r®0T*-5o 



[0 4] ^^Bv^tC^-STMR^^t^giJCDlUgfiftl^^f^ 

[0 5] m4:\z^LrcTMRmi^(Dih±mmmx&^. 

[0 7] *5g?gfC»^TMR*^(DglJ(^3|J!|fi«»|:&^"r^ 
ffi0T*^o 
[08] 0 7(D8-8«l(C»-:>/!:»rffi0T*^o 
[09] *»B>g*C»^TMR^^ODSiJCD^Sg«il&^'r^ 

[010] 0 9 CO 1 0-1 O^fC»oAc»fS0TS'5o 
[011] 01-'3fc:0^bfcTMR^^(D^ig;^rffi{c 

[012]011CO12-1 2«|JCja-3;^c»fS0T* 

[01 3] 011, 1 2iz^{^tcT,m(o^^<Di:m^^'r 
0-e*^o 

[014] 013(014-1 4«8Jcj»-3;tBr®0T* 

-So 

[01 5] 01 3, 1 4tC:SLfcXe(0^<0XS^^"r 

[016] 015 {C^bJtXS<O^CDXe^:^T0T& 

[01 7] 01 6601 7—1 7«^(C»ofc»f®0Tfe 

[01 8] 01 6. 1 7{C^b;^XgC0^a)XS«:^-r 
0-Cfe^o 

C019]018<O19— 1 9||{C»o>^»fE0T& 

[0 2 0 ] 0 1 8 , 19 {d* L;^c:Xg(O^CDxe^^T 
0'Ca&^o 

[02 1] 02 0<^>2 1-2 l«(C»ofc»f®0TS 

[02 2] 0 2 0. 2 1 tC^bfcXgCO^COXig^^-r 

[02 3] 02 2<02 3-2 3«(C»ofc»f®0-C* 

[024] 02 2. 2 3^C*U/tXecO^<OXS<&*•r 
0-t^*'5o 

[02 5] 0 2 40 2 5-2 5||J;:j»ofc»r®0t?* 
[02 6] 0 2 4, 2 5(C^b;tXiecO^COXe^^T 
[02 7] 02 6C0 2 7-2 7||tC«ofc»f®0T* 

[028] 07. s\zmmi.tcTMRm'f'<Dmm:^m\z 
^*n^xie*^-r0-e&So 

[02 9] 02 8CO2 9-2 9jBlJC»ofc6W®0T« 
[0 30] 028. 29 COXe<7)^COXie^^-r0T* 
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ms 1 ] 03 o®3 1-3 imiz^-^tcmmm-c& 

ims 31 S3 2(D3 3 — 3 3^{CJGofc»r®0-ri& 
-5. 

[034] 03 2. 3 3«xei£MT»6n;tA"^-> 

[03 5] 03 403 5 — 3 5iK{c:»ofcBr®0-Ca& 
•5. 

[03 6] 03 4<D3 6 — 3 6^{C»^^»f®0-e3& 
S. 

[03 7] :$i%miZ^^TMRm^^m^liil^m^iiL 
[03 8] 03 7C^Lfc»IS«a'\<> h*©ia;:*c»r®0 



[03 9] -^^^mtz^^TMRm^^m^mvmi'iii. 

-5. 

[04 0] H^Sro-gpSr^-riE 

[04 1] 5^^?gtc^^fiSa'\«;/ M^S®-i^S^t-iE 

[04 2] *^?qjCtgSiK^x-fXi^^jg(D«!]«*«iC 

wtc^j^-r0T*-5. 
[^^©Si§«] 

1 1 hy^JW^'JTM 

12 7 'J 

13 i^>\^m 

2 1 /■^^Txm^mmm 

2 2 7 5 ,vi'X:W'f KB 

22 1 7^-;/i'x:7^D— :rgp 
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